The objective of this article is the assessment of the role of technology gap in explaining the intensity of trade relations among the EU28 member states over the period of 1995-2015.
INTRODUCTION
The levels of technological sophistication differ significantly between countries and between sectors. In addition, the recent micro-level evidence proves that they vary greatly between firms within the same sector located in the same country (e.g. Bernard, Jensen, & Lawrence, 1995) , which is reflected in highly right skewed productivity distribution at the core of the heterogeneous firms' theory.
Taking the above into account, the gap in technological sophistication could be one of the most important determinants of bilateral trade between any two countries, even if they are the same level of technological sophistication (north-north or south-south trade) or we deal with trade between a leader and a follower (north-south trade). To our surprise, with some exceptions, relatively little attention has been given to the empirical investigation of the role of the technology or innovation gap in determining the intensity of trade flows with the use of the very popular and clearly robust gravity approach.
The objective of the present article is the assessment of the role of technology gap in determining the aggregate intensity of bilateral trade within the group of the EU28 Member States over the period of 1995-2015 utilising the panel data approach. We constructed a basic gravity model of bilateral trade with exports as the chosen dependent variable and then further augmented it by introducing various measures of bilateral technological gap or technological distance. From this perspective, the present article can be considered an extension of the studies of Brodzicki and Śledziewska (2016) and Brodzicki (2016) on the role of technology in the trade relations of Poland allowing more general conclusions to be drawn. Based on the prior results as well as theoretical postulates, we expected technology gap to play a significant role in determining the intensity of trade relations. For the time being, the lack of suitable sectoral data does not allow us to test the technology gap hypothesis on a global panel of countries at more disaggregated, adequate sectoral or even product level. We thus consider the present analysis as a step towards the comprehensive verification of technology gap trade as proposed by Soete (1981) .
We would like to acknowledge that the linkage between technology and trade is multifaceted and has been investigated since the earliest contributions to economics. Technology differentials of exogenous nature, for instance, are the basis of Smith's absolute advantage trade model as well as Ricardian comparative advantage model. Eaton and Kortum (2002) build an interesting modern extension of the Ricardian model with heterogeneous technology allowing both geographic barriers (not only distance) as well as technology to determine international specialisation. A thorough review of the role of technology gap in economic growth and trade has been recently conducted by Kubielas (2011) . According to Kubielas, technology gap can play a role of both a barrier as well as an incentive to trade and furthermore effective catching-up process (structural convergence).
However, as noticed by Lall (1992) , economic literature neglected the mechanisms for technology creation, assuming only static effects of technology and thus adopted exogenous technological change. Simplified neoclassical models assumed equal access to technology at both macroeconomic and microeconomic levels with perfect knowledge diffusion. The initial endowment in production factors determined the factor price ratios which corresponded to a certain level of physical capital per worker or the K/L intensity. Furthermore, all companies were assumed to share the same production function and barriers to An Empirical Investigation into the Role of Technology Gap in the Trade… | 113 technology diffusion were zero. In that setting, a purposeful innovative activity by a given company did not result in any advantage for the firm or economy in general over its competitors. There was no rational justification for R&D spending.
The dominant framework was questioned in the 1960s by the emergence of the technology gap theory by Posner (1961 ) or Freeman (1963 who in their stylised models described an advantage enjoyed by a country introducing a new good into a market, thus gaining the first-mover advantage due to technological lead (supremacy) that led to gaining an initial exporter status. The initial importers could potentially become exporters after gaining the necessary knowledge. It required a certain lag due to the imperfect character of knowledge diffusion.
It is also worth stressing that Vernon (1966) and Hirsch (1974) developed the theory of trade with product life cycles. The theory was elaborated by Krugman (1979) in his generalequilibrium model of bilateral trade between industrialised north and underdeveloped south with a product life cycle. Krugman's model assumed that innovating North enjoyed an initial advantage in the production of innovative goods thus becoming their exporter. However, the non-innovating South can eliminate the North's initial advantage thanks to 'technology borrowing' or technology imitation. In order to retain the leadership, the Northern economy is forced to innovate repetitively. The technology gap can be partially reduced by prior imports or FDI inflows (e.g. Coe & Helpman, 1995) -major channels of international R&D spillovers and technology transfer (Kwiatkowski, 2015) . Thus, we have to acknowledge that trade and technology gap could be endogenous at least to some extent.
In contrast to the theoretical literature, the results of the initial empirical analyses on the technology gap based trade are mixed. In his influential paper, Soete (1981) performed a static cross-sectional analysis of OECD trade at the disaggregated sectoral level, and the results strongly supported the theoretical postulates. The international trade performance of innovative sectors in the OECD countries was found to be a function of sectors' relative technological performance as measured by technology-output indicators.
A more elaborated analysis by Cotsomitis, DeBresson, & Kwan, (1991) exposed, however, that the technology gap theory was unable to properly predict the directions of high technology trade between OECD economies. The authors linked it to inadequate theoretical formulation of the theory. Specifically, it is based on the overall technology leadership and does not allow for variation at the level of product.
However, more recent studies are clearly in favour of technology gap based trade. In her work Wakelin (1998) analysed the role of innovations in trade performance of the OECD countries disaggregated for 22 industries over the period of 1980-1988 and concluded that at the aggregate level and in the case of the majority of sectors innovative activity played a significant role. Moreover, she suggested that innovations impacted trade performance to a greater extent in sectors that created technology ('net producers') than in sectors utilising the technology ('net users'). The result was is in line with the classic work by Dosi and Soete (1983) . Similar results were obtained by Kerr (2017) , who proved that Ricardian technology differences had a significant impact on bilateral trade among 88 countries disaggregated into 26 industries in the period of 1980-1999. The remainder of the paper is as follows. Section 2 presents a review of empirical studies on the role of technology gap applied in the gravity setting; Section 3 presents the methods utilised, the empirical model and data source, and considers the measurement of the technology gap. Section 4 presents and discusses the results of the estimation on the general sample, as well as trade between the groups depending on their level of technological sophistication. The final section concludes.
LITERATURE REVIEW
The utilisation of the gravity framework in modelling trade intensity since the early contribution by Tinbergen (1962) has been extensive and successful. The later seminal contributions include, for instance, the works by Bergstrand (1985) , Anderson and van Wincoop (2003) or Anderson (2011) . The gravity model is one of the most successful empirical models in which bilateral trade between any two trade partners is modelled as inversely proportional to the distance between them and proportional to their sizes. This basic framework is regularly extended to incorporate variables in line with the hypotheses tested in a given study that could potentially affect mutual trade intensity. The quick review of contemporary studies shows that researchers are rather flexible in the selection of explanatory variables based on the context or aim of their particular analysis (Kepaptsoglou, Karlaftis, & Tsamboulas, 2010) . Head and Mayer (2014) , in turn, critically review the methodological foundations of the gravity equation and empirical methods utilised.
Despite its robustness, new methods of analysis are being developed and applied, leading to more precise results. Egger (2000) points to the need of a proper econometric specification of the gravity equation in order to obtain unbiased estimates.
In the most typical usage, the empirical model is log-linearised and estimated with the use of country-pair dummies (in order to account for the problem of trade persistence - Anderson and van Wincoop [2003] ) Log-linearisation leads to a number of problems, such as the presence of zero-trade flows typically solved by zero-adjustment, etc. Furthermore, the introduction of fixed-effects in the two way setting could lead to neglecting time-invariant variables and therefore requires the use of more elaborate methods such as of the Hausman-Taylor estimator, for instance.
In contrast to the usual approach, Santos Silva and Tenreyro (2006) stressed that the logarithmic transformation of the model was not an appropriate approach to estimate elasticities in gravity equation. As an alternative, they proposed the use of the Poisson pseudo-maximum likelihood estimator (PPML). Recently, Proenca, Sperlich and Savaşcı, (2015) recommended the use of a semi-mixed effects method which relaxed the very strict assumptions of random errors model but kept more restrictions than the fixed effect model. This approach was successfully utilised in Brodzicki (2016) and in Brodzicki and Śledziewska (2015) and is going to apply in the present study as well.
As it has been already mentioned, despite the significance of technological sophistication and the role of technology gap as postulated by theoretical literature, only a limited number of empirical studies tested for the role of technology gap or technological distance in explaining bilateral trade flows within the gravity framework.
Martinez-Zarzoso and Ramos (2005) utilised a composite index capturing technology and human knowledge gaps in an augmented gravity framework in a cross-sectional study on 62 developed and developing countries in 1999. The model for exports was estimated with the standard OLS on a standard double log specification. The authors utilised a composite Technology Achievement Index (TAI) developed by the United Nations. The index composed of eight distinct achievement indicators (Desai et al. 2002) captured the efficiency in the creation and diffusion of new as well as existing technologies and in building the human skill base for technology creation. TAI indices for exporters and importers were introduced separately to test their significance in subsamples of wealthy and poor exporters. Martinez-Zarzoso and Ramos (2005) included a standard set of conditioning variables controlling in addition to infrastructure endowment. The impact of exporters' TAI on the value of exports was found to be statistically significant and positive for both developed and developing countries. However, it was statistically significant for importers' TAI only in the case of developing countries. Filippini and Molini (2003) included technological distance measured by an indicator proposed by Lall (1992) in an extended panel model to examine the relevance of technology gap in the trade flows between East Asian industrialising countries and selected developed countries over a period of 30 years. They split the sample into developed and developing countries and furthermore decomposed the trade flows into manufacturing and non-manufacturing goods. Filippini and Molini (2003) applied the fixed effects estimator and were able to positively verify the hypothesis that bilateral trade tends to increase in technological similarity between countries.
In the study by Wang, Wei and Liu (2010) for 19 OECD countries over the period of 1980-1998, R&D stock, similarities in the domestic R&D stock, market sizes as well as inward FDI stock were found to play a major role in determining the value of exports. At the same time, domestic R&D stock was found to play a bigger role than GDP and FDI in promoting bilateral trade. A 1 percent increase in total domestic R&D stock increased bilateral trade by up to 1 percent, and a 1 percent increase in the R&D similarity between trade partners raised trade by around 0.4 percent. R&D was furthermore observed to be the second most important variable in explaining trade flows within the group of the OECD countries just after the geographical distance. The results by Wang et al. (2010) are in line with the postulates of the new growth theories (e.g. Romer, 1990; Grossman & Helpman, 1991; Aghion & Howitt, 1998) .
Brodzicki and Śledziewska (2016) estimated a panel model of trade relations of Poland with its 234 trade partners over the period of 1999-2013. The technology gap was measured by TFP and relative patenting performance controlling for the quality of institutions as well as technology and innovation indices of the Global Competitiveness Report (Schwab, 2010) published by the World Economic Forum on a yearly basis. They applied the PPML estimators. The technology gap was proven to play a statistically significant role, however, the elasticity of trade on the technology gap differ significantly between groups of trade partners classified by the level of income and the level of their technological sophistication.
Brodzicki (2016) performed a linked analysis on the Polish trade with all possible trade partners over the period of 1999-2011 using similarly to the present study a semimixed effects model using PPML estimator as suggested by Proenca et al. (2015) . In measuring the technology he utilised several approaches taking into account differences in TFP, GERD (technology-input), patenting and citation in scientific journals (technologyoutputs), while controlling for differences in human capital. The major result was that Poland exported more to countries at the similar level of technological sophistication. The results were checked on sub-groups of countries based on their GERD intensity levels. It was found to be evident that the results varied depending mostly on whether Poland enjoyed leadership, followership or was a peer vis-à-vis a given group of partners. The present study extends the analysis to numerous reporting countries, therefore, allowing for more general conclusions to be drawn.
MATERIAL AND METHODS
Our empirical panel data model for total exports of reporting country to partner country j in the year t took the following form: export = exp ln + ln + ln + ln + ln + ln ℎ. !" + # + $ %&
where: -size of the reporting country; -size of the partner country; -distance in kilometres between reporter's and partner's capital cities; -conditioning set of standard gravity variables describing bilateral trade relations; ℎ. !" -measure of the technological gap of direct interest to us.
The form of the empirical model allowed to interpret the coefficients on the key variables as elasticities.
In contrast to the traditional approach, the dependent variable entered the equation in levels and not in logs. In addition, we estimated the model for total bilateral trade (total trade) as well as imports (import) separately. We expected the coefficients on it to be statistically significant.
The explained variable (exports) was the value of exports from a given reporting EU 28 members state to a given EU 28 partner in millions USD in a given year. All values were converted to constant 2005 USD in order to obtain coherence with the data from the PWT 9.0 database.
In contrast to previous analyses by Brodzicki (2016) and Brodzicki and Śledziewska (2016) conducted for Poland and its trade partners, we dealt with a matrix of 784 trade flows on a bilateral basis observed over a period of 21 years , thus allowing for more universal conclusions.
The trade data for the EU28 countries were retrieved from COMEXT database (http://epp.eurostat.ec.europa.eu/newxtweb/). The data were converted from EUR to USD and deflated in order to guarantee their coherence with the explanatory data retrieved from the PWT 9.0. Table 1 contains a description of the utilised variables, their source and basic statistical properties. The membership in the EU28 was utilised as a clustering variable (eu) in our semi-mixed effect model. It was a dummy variable which was time variant.
The basic specification of the gravity model includes standard variables such as the sizes of reporter and partner as measured by the log of their real GDP (real GDP) and the log of distance between trade partners (distance). The distance is measured by the 'as the crow flies method' between the capital cities of reporter and trade partner. In accordance with the postulates of the gravity theory, the coefficients on real GDP of partner and reporter should be positive and negative in the distance.
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Economic theory postulates that trade between two countries at the similar level of development is more intense. In order to account for this, we adopted natural log of absolute difference in real GDP per capita as a measure of the gap in the level of development (rld) and expected the coefficient on it to be statistically significant and negative. We would like to stress furthermore that we chose to apply the above mathematical transformation (that is the natural log of absolute difference) to all variables depicting the technology gap in order to ease the interpretation of the obtained results. At the same time, other alternatives were checked -such as e.g. the log of the ratio of key variables between reporters and trade partners. It proved not to have a major impact on the results once we allowed the different interpretation of coefficients on technology gap variables.
We utilised COMEXT dataset as a principal source of trade data. For the set of explanatory variables, we utilised first of all the Penn World Tables 9.0 (Feenstra et al., 2015) . The dataset provided information on real GDP, capital, labour and human capital endowments, import and export shares as well as TFP of all countries considered. Most of the remaining data come from the World Bank's World Development Indicators Database.
In their seminal article, Dosi and Soete (1983) postulated that technological gap should be preferably measured by the difference in patenting performance vis-à-vis the US. The US was chosen as a benchmark country located on the global technology frontier (GTF). Dosi and Soete (1983) approximated the difference by the technology-output or R&D efficiency indicator. Other approaches utilised in the empirical literature on the subject include for instance the share of high technology or medium-high technology goods or sectors in exports or total production. On the other hand, the use of technology-input indicators is also popular. The most popular include R&D spending intensity as proxied by General Expenditures on R&D (GERD) or some measure of R&D sector's size, such as the number of employees involved in R&D.
Acknowledging the complex nature of technology and its diffusion channels, as well as the importance of both technology-inputs and technology-outputs, many researchers try to build composite technology or innovation indicators. The example, being the TAI or the Summary Innovation Index (SII) utilised in the European Innovation Scoreboards (European Commission, 2015) . The use of this kind of variables is however debatable. At most, their direct interpretation is difficult if not impossible. On a more serious note, Grupp and Mogee (2004) show that the use of composite measures led to purposeful manipulation, which obviously should be prevented as it could result in false policy recommendations or policy decisions. Therefore, we eliminate this possibility from our analysis.
Bearing the above in mind, in the present article we introduce several measures of a technological gap not favouring any of the utilised approaches driven by the review of the theoretical literature. Both technology-input and technology-output proxies technology gap are utilised.
Economic growth theory postulates that technological sophistication can be proxied foremost by total factor productivity (TFP). Our preferred measure of the technological gap was, therefore, the difference in TFP levels as measured by a natural log of the absolute difference in TFP levels between a given reporting and partner country a given year (diff_ctfp). The TFP levels come from the PWT 9.0 dataset. Soete (1981) attributed technological gap to differences in relative factor endowments of physical capital in relation to labour. We thus introduced a relative difference in K/L ratios between the reporting and partner country as one of the options considered.
Some authors (e.g. Comin & Mestieri, 2013) utilise electric power consumption in kWh per capita as a proxy for the level of technological sophistication. We thus used it as an alternative proxy (diff_epc). The data for this and the following variables come to form the World Bank Development (WDI) Indicators database. Relative technological readiness (diff_techred) is typically measured by the difference in the individual usage of the Internet given in the percentage of total population of a given state. We treated it as another alternative.
As a proxy for technology gap from the technology-input perspective, we utilised first of all the difference in R&D intensity -General Expenditures on Research and Development as a share of to GDP (dif_gerd).
As technology is said to be skilled-biased (Acemoglu, 1998; Acemoglu, Gancia, & Zilibotti, 2012; Gancia, Müller, & Zilibotti, 2011) , we furthermore took into account the gap in human capital endowments (diff_hc). For human capital, we utilised PWT 9.0 measure -an index of human capital per person based on average years of schooling and returns to education.
Taking into account specific skills of research & development activity, we also controlled for the differences in the size of employment in the R&D per 1 million inhabitants (diff_emp_rd) from the WDI.
In turn, as a proxy for technology gap from a technology-output perspective we utilised the difference in total patenting activity in the United States Patent & Trademark Office (USPTO) in total (diff_uspto) as well in per 1 million inhabitants (diff_uspto_pc) in order to better account for differences in potential. The USPTO was selected on purpose as an illustration of the ability to patent at the global technological frontier.
As a secondary measure of technology-output, we took a total number of scientific journal articles (diff_jrn) and scientific journal articles per capita (diff_jrn_pc). The data once again came from the WDI database.
For the robustness analysis purposes we analysed in detail the global distribution of real GDP per capita and TFP levels from PWT 9.0 in 2004 -the year a significant number of countries in our sample joined the EU. After a careful examination, we chose the third quartile of the global distribution of the two key parameters and applied it throughout the panel in order to classify the analysed trade flows into three subgroups: south-south, south-north and north-north trade (6740, 6792 and 3716 observations respectively for TFP). In the present article, we have decided to present the robustness estimates for the groups delimited by the level of TFP only (the estimates for the real GDP per capita based groups are available upon request).
In order to eliminate a potential bias, we calculated the correlation measures and constructed correlation matrix for our technology gap proxies ( Table 2 ). The analysis shows that at least several variables should not enter the same regression. Finally, we decided that various measures of technology gap would enter our empirical model separately. A similar analysis was conducted with the measures of technology gap and of similarity in the level of development (rld) showing that the correlation in most cases was weak or only moderate.
An
RESULTS AND DISCUSSION
The analysis was carried out for all possible trade flows between the Member States of the European Union present in the COMEXT dataset over the period of 1995-2014. The panel is unbalanced, in particular the specification of the model due to data restrictions in the PWT 9.0.
The explained variable is the value of exports or the value of total trade in millions USD (constant USD from 2005). The preferred explained variable in the present article is the value of exports, however due to the article size restrictions (the results for total trade can be made available upon request, they do not differ significantly from the presented results).
We built a semi-mixed effects empirical panel model and estimated it with the use of Poisson Pseudo Maximum Likelihood (PPML) estimator. The EU membership (eu) played the role of a clustering variable in our empirical analysis.
Our empirical strategy was as follows. We first estimated the augmented gravity model with standard gravity variables and various measures of the technology gap entering the model separately for the general sample. In the next stage, as it has already been stressed, we split the sample into three -the trade between south-south, southnorth (or north-south) and north-north for reporting and partner countries respectively. The results for the broad sample of trade partners are provided in Table 3 . The estimates for split samples are presented in Tables 4, 5 and 6. We would like to notice that the obtained results proved not to be sensitive to the inclusion of time fixed-effects. We therefore decided to exclude them from the analysis.
In all analysed specifications of the models for both the general as well as subgroups, the overall fit of the model is high -explaining around two-thirds of the variation in the exports between the reporter and partner country. The fit of the model is the highest in the case of north-north trade.
In all analysed specifications the coefficients on distance are statistically significant at 1 percent and negative as it could be expected. The magnitude of the effect in most cases is below of 0.9, it is above of 1 in several specifications in the case of the south-south trade group. The intensity of bilateral trade increases in the proximity of trade partners.
The size of trade partner as well as of reporter as measured by the log of real GDP has a statistically significant (at 1 percent level) and positive impact on exports. The elasticity is below of 1 in most cases. The elasticities are the lowest on average in the case of north-north trade and the highest in the south-south trade. The choice of the log of the total population as a measure of size does not affect the outcomes (not shown in the tables with estimates).
The impact of the membership in the EU (eu) is positive and statistically significant in all analysed specifications. The effect is particularly strong in the case of north-north trade. Nonetheless, the membership of a trade partner in the EU28 significantly intensifies mutual trade.
Last but not least, the impact of the gap in the level of development as indicated by rld is statistically significant and negative, therefore the closer two trade partners in the EU28 are in terms of the level of development, the greater the intensity of exports is.
Furthermore, we would like to stress that the inclusion of additional variables such as adjutancy or integration linkages among states did not modify the key results.
In interpreting the results, we obviously focused on the variables of interest of the present article related to the impact of technology gap on the intensity of exports within the analysed groups of countries.
A careful analysis of the estimation results for the general sample (Table 3 ) and the following estimates for subsamples: south-south trade (Table 4) , south-north trade (Table  5 ) and north-north trade (Table 6) shows that the significance of the effect of the gap on exports and its direction to a large extent depends on the type of the utilised proxy.
In the general sample, including all possible trade partners within the EU28 group, the impact of the gap in TFP, K/L ratios, GERD, technological readiness and journal articles per capita is statistically significant and negative. The impact of the gap in human capital, the number of patents in the USPTO in general and per capita is statistically significant and positive. The impact of the gap in employment in R&D and electricity consumption per capita is statistically insignificant. This applies to all types of models in the case of R&D employment, an important technology-input variable, which could indicate for instance problems with its measurement or relatively small differences in the analysed group of countries. The EPC is statistically significant only in the case of south-south trade (SS6) with a negative impact on the explained variable.
As it could be expected, the impact of the technology gap is not robust to changes in the sample. The level of sophistication of both the reporter and the partner matters. Here we only report the results which are statistically significant on at least 5 percent level. The difference measured by human capital is positive in the case of south-north trade (SN2) and is not significant in the case of south-south and north-north trade. Thus, in the case of south-north trade the greater the gap in human capital endowment, the more intense the exports.
The impact of the gap in TFP considered in the literature of the subject as the best measure of the level of technological sophistication has a negative impact in the case of SS and SN trade (SS3 & SN3). It is irrelevant in the case of NN trade. The similar pattern holds for the gap in K/L ratios with greater similarity increasing exports in the case of south-south and south-north trade. Nonetheless, we have to note here that some authors perceive the difference in K/L ratios to represent the difference in endowments in physical capital and labour and not in the level of technology per se.
The gap measured by the difference in GERD is of great significance as probably the most important technology-input indicator. The result is statistically significant and negative only in the case of south-north and north-north trade. It is irrelevant for south-south (SS5) trade probably due to small differences in generally small expenditure on R&D in these countries. Thus, the result seems to be rational.
The gap measured by technological readiness (the Internet usage) is only to have a negative and statistically significant impact throughout. It is the opposite for the gap in the major technology-output indicator, that is the number of patents in the USPTO (SS8-NN8). The greater the difference, the greater the intensity of exports. This holds for a number of patents per capita in the case of south-south and south-north trade (SS9, SN9), and is statistically insignificant in the case of the north-north trade so within the most technology-intensive group of countries (NN9).
As to journal articles, the results for the two variables (jrn, jrn_pc) are statistically significant, however, the direction of their impact differs between the analysed subsamples. In the case of a total number of scientific journal articles the impact is negative in the case of south-south trade (SS10), and positive in the remaining cases (SN10, NN10). If we control for the population size, however, the result becomes negative in the case of south-south (SS11) and north-north (NN11) trade and positive in the case of south-north trade (SN11).
The obtained results are in line with the principal theoretical postulates of the technology gap based theory, as well as postulates of the new growth theory. The technology gap has a statistically significant impact on the intensity of exports between trade partners. In the case of the principal measures of the technology gap, such as based on differences in TFP or GERD, the mutual trade increases in technological similarity. This is in line with Filippini and Molini (2003) . Nonetheless, not all measures of technology gap are robust and the results are more nuanced. Furthermore, the results differ between the analysed subgroups similarly to Martinez-Zarzoso and Ramos (2005), Brodzicki (2016) or Brodzicki and Śledziewska (2016) . The differences between south-south, south-north and north-north trade do not contradict the logic of the theory itself.
CONCLUSIONS
The major objective of this empirical article was to investigate the role of technology gap in explaining the intensity of trade at the country level and thus to verify the postulates of the technology gap based trade. We utilised the trade gravity approach further augmenting it with technology gap measures.
The analysis was conducted for a panel of trade flows between 28 EU member states observed over the period of 1995-2015. To obtain unbiased results, we utilised the semimixed effects model estimated with the PPML estimator as suggested in the most recent methodological and empirical literature (Proença, Sperlich, & Savaşcı, 2015) . The advantages of the approach comprise the possibility to include all possible trade flows including zero-trade flows without the need for log-linearisation. Nonetheless, we would like to stress that the major results hold even if the analysis is conducted with other empirical strategies present in the literature of the subject.
The gravity framework can be successfully applied to determine the intensity of exports between the EU28 states with more than two-thirds of variation explained. The gravity holds clearly -with the reporters and partners sizes having a positive impact and the distance between them having a clearly negative impact. The proximity in the level of development within the analysed group clearly boosts bilateral exports. Furthermore, the membership in the EU28 of the partner clearly brings positive benefits.
In measuring the technology gap, we have utilised several approaches taking into account differences in TFP, GERD, human capital and R&D employment (technology-inputs), patenting at the global technology frontier in the USPTO & scientific journals articles (technology-outputs). We also controlled for K/L ratios and non-standard measures, such as technological readiness (internet usage) or electrical power consumption.
The results vary between the indicators and the analysed subgroups of trade relations constructed in accordance with the economic logic -south-south, south-north (& northsouth), as well as north-north trade. The most popular indicators that are TFP and GERD point to the negative impact of the gap on the intensity of exports. Countries seem to export more to countries at the similar level of technological sophistication. Nonetheless, the observed differences can be rationally explained despite being more nuanced. The results support the postulates of the technology gap based trade. The role of technology gap is likely to remain important or even increase in significance as the role of technology is ever increasing Note: All regressions carried out using semi-mixed effect ppml with the EU28 as a clustering variable. Robust standard errors in parentheses. *significant at 10 percent; **significant at 5 percent; ***significant at 1 percent. Estimated in STATA 14. Dependent variable -bilateral exports in millions USD. Source: own study. in the so-called 4th Industrial Revolution (Liu, 2017) . However, the nature of its impact could change driving not only the intensity of trade per se but more towards horizontal or vertical differentiation thus driving the various components of intra-industry trade. Nonetheless, in order to verify the technology gap based trade fully, the analysis should be conducted for larger datasets of countries -OECD or preferably global, in order to fully account for the differentiation in technological sophistication levels as well as for other contributing factors. Secondly, as it has already been stressed, the precise verification of the theory similar to Soete (1981) requires the analysis at a disaggregated sectoral level. The next step envisaged will be an analysis of mutual trade of OECD countries at a disaggregated level (40 + sectors) along with the sectoral dimension. We also envisage further investigation of the impact of technology gap in the short and long run which has not been addressed in the present analysis.
